Background: Although individual healthy lifestyle behaviors may reduce cardiovascular disease risk, few studies have analyzed the combined effect of multiple lifestyle components as one all-inclusive measure on such outcomes, much less in minority populations.
Introduction
Strong evidence exists for the role of healthy diet, physical activity, and smoking cessation to prevent cardiometabolic risk traits, including components of metabolic syndrome (MetS) 9 (1-4), with further evidence of their effect on neuroendocrine markers of physiologic dysregulation or allostatic load (AL) (5) (6) (7) (8) . In response, several agencies have put forth guidelines or recommendations for those behaviors to help the general population prevent cardiovascular disease (CVD) and related chronic diseases (1, 9) . Emerging evidence shows that additional health behaviors, such as sedentary lifestyle (e.g., television viewing) and inadequate sleep, may be associated with the risk of MetS and CVD (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , as well as with AL markers (21) (22) (23) . Similarly, several studies suggested a connection between various constructs of social support and cardiometabolic and allostatic dysregulation (24) (25) (26) (27) .
Despite evidence for individual behaviors, few studies have developed indices or scores that account for multiple lifestyle components combined into a single score to assess associations with cardiometabolic traits. Studies that created such lifestyle indices included only some behaviors (namely diet, physical activity, and smoking, with body mass measures sometimes added) and reported significant associations with several CVDrelated markers (28) (29) (30) (31) (32) (33) . We posit that a score that combines established and emerging risk behaviors into one single measure of whole lifestyle may be associated with CVD markers and be more predictive than single behaviors. Such studies remain to be conducted, especially among minority groups with CVD disparities.
Recent reports show that Puerto Ricans living in the United States have a higher prevalence of several CVD risk factors, including obesity, hypercholesterolemia, hypertension, and MetS, than do other Latino groups (34) (35) (36) . Puerto Ricans reportedly follow inadequate dietary, physical activity, smoking, and sleep habits (37) (38) (39) (40) , and they also present unique patterns of social integration, social and emotional support, and cultural adjustment (41) (42) (43) (44) , which may increase their vulnerability for metabolic disorders. Using the AHA recommendations on diet, physical activity, and BMI, Bhupathiraju et al. (45) developed a lifestyle score that was associated with lower CVD risk factors in Puerto Rican adults. Subsequently, Mattei et al. (46) showed that the diet components alone may protect against MetS and AL in the same Puerto Rican population. The collective role of lifestyle behaviors on prevalence of physiologic dysregulation in Puerto Ricans remains unknown.
Therefore, our aim was to develop and evaluate the internal validity of a Healthy Lifestyle Score (HLS) that includes the previous AHA diet recommendations as well as physical activity and sedentary behaviors, smoking, social support and network, and sleep quality and quantity and to test its association with MetS and AL and their cardiometabolic and neuroendocrine factors in Puerto Rican adults.
Methods
Participants. The Boston Puerto Rican Health Study (BPRHS) is a longitudinal cohort (baseline, 2-and 5-y follow-ups) with 1500 Puerto Rican adults from the greater Boston area (trial registry NCT01231958). For this analysis, baseline data were used except for sleeping information, which was collected in a subsequent ancillary study conducted close to the 2-y follow-up. The details on the design, methods, and recruitment strategies are described elsewhere (37) . Briefly, baseline recruitment ran from 2004 to 2009 by using door-to-door enumeration based on the 2000 census with additional recruitment through community outreach and referrals. Eligible participants had to be able to answer interview questions in either English or Spanish, be of self-reported Puerto Rican descent, between the ages of 45 and 75 y, and living in the Boston area. Trained bilingual interviewers conducted all of the data collection. The study was approved by the Institutional Review Boards at Tufts Medical Center, Tufts University, and Northeastern University. Informed consent was obtained from all participants.
Assessment of lifestyle behaviors. Dietary intake was assessed by using a semiquantitative FFQ specifically developed and validated for this population (47) . The FFQ included traditional Puerto Rican foods and was adjusted for usual portion sizes. Reported food intakes were converted into gram amounts. Food groups for fruit, vegetables, fish, and alcohol were created, and mixed dishes were disaggregated when necessary; intake amounts were added to the appropriate food group. Nutrient intakes were calculated from the Nutrition Data System for Research software (Nutrition Coordinating Center). For the current analyses, any participant from the entire study population reporting implausible energy intakes (#2510 or $20,083 kJ/d) or with invalid FFQs ($10 questions left blank) were excluded (n = 67).
A comprehensive questionnaire asked participants about type and frequency of use of tobacco products. Smoking was categorized as never (<100 cigarettes in entire life), former (smoked in the past but not currently), or current smoker. A physical activity score was calculated as the total of self-reported hours spent on heavy, moderate, light, or sedentary activities in 24 h (based on a modified Paffenbarger questionnaire) multiplied by weighting factors that parallel the rate of oxygen consumption associated with each activity (48, 49) . The Norbeck Social Support Questionnaire (50) was used to measure social support and social network characteristics. Questions assessed the size of the participantÕs social network as well as the level of emotional and tangible support from such network. The scale has been previously applied in this population (41) . The Social and Community Support and Assistance Questionnaire was used to assess social activities (51) . This questionnaire asks about family life and social activities within the community. Sleeping pattern questions included indicators of sleep quantity (total hours usually spent sleeping, over a 24-h period) and sleep quality (level of tiredness during the day, snoring, or restful sleep) (20) . This information was collected only in a subset from an ancillary study to the BPRHS, the Boston Puerto Rican Osteoporosis Study, which recruited 974 of the 1276 participants who completed the 2-y follow-up interview for further bone health measurements (52) .
HLS definition. The total HLS ranged from 0 to 190 points, with a higher score reflecting better adherence to lifestyle recommendations. The score was derived from 5 lifestyle behavioral components: 1) diet, 2) physical activity and sedentary behaviors, 3) smoking, 4) social support and network, and 5) sleep quality and quantity. Each component included items that were previously shown to be associated with disease as based on current guidelines or recommendations, when these were available, or on current evidence in the general population. Established risk factors (diet, physical activity and sedentary behaviors, and smoking) were given more points on the score than emerging risk factors (social support and sleep); the weight of each item within a component was kept as equivalent as possible. Table 1 shows a detailed description of how each component was defined and scored. The diet quality component was defined following the AHA recommendations for CVD risk reduction for the general population (1) by using a score previously developed and validated in this population (45, 46) . The AHA diet score ranged from 0 to 90.
The physical activity and sedentary behavior component was based on guidelines established by the 2010 Dietary Guidelines for Americans (9), the Physical Activity Guidelines for Americans (53) , and the AHA (1), which recommend adults to accumulate the equivalent of 150 min of moderate-intensity aerobic activity per week. Participants engaging in moderate or vigorous activity (score $40) were allotted 20 points, whereas those with sedentary activity (score <30) were assigned 0 points. Those who engaged in light-to-moderate physical activity (30 # score < 40) were scored 10 to 20 points prorated linearly. In addition, the agencies recommend that sedentary behaviors be curbed. To account for this, hours of watching television were included as an additional component. Television viewing has been shown to be a feasible proxy of sedentary behaviors (54) . We used the cutoff of #2 h of television to assign the highest score (10 points) on the basis of studies suggesting that each 2 additional hours of television watching increases CVD and MetS risk (10, 16) . Participants who spent >10 h watching television were assigned 0 points (15), and we prorated linearly the score in between. A maximum of 30 points could be achieved for the physical activity and sedentary behavior component.
Smoking was scored by assigning 0 points to current smokers, 10 points to former smokers, and 30 points to those who reported never smoking. Current AHA recommendations are to not smoke or to quit if currently doing so (1) .
The social support and network component was defined by 4 subcomponents: 1) size of social network (size, frequency, and duration of important relationships), 2) average emotional support from social network (including affect and affirmation), 3) average assistance from social network (tangible support), and 4) number of social activities (41) . There are no specific recommendations on fostering social support and network, but evidence suggests that the aforementioned social constructs may be protective for cardiometabolic and AL markers (24) (25) (26) (27) 55) . Scores for each social subcomponent were based on tertile distribution in the study population, with 5 points assigned to those in the highest tertile, 2.5 points for the second tertile, and 0 points for the lowest tertile. The maximum possible points for this component were 20.
The HLS component of sleep considered both quantity and quality of sleeping behaviors. Current recommendations for adequate hours of sleep for adults put forth by several agencies range from 7 to 8 h (56, 57) , as supported by studies on sleep duration and CVD incidence or mortality (11, 13, 17, 58) . Thus, 10 points were allocated to participants who reported sleeping between 7 and 8 h/d, 5 points for those who slept 6 or 9 h, and no points to those who slept #5 or $10 h/d. Research also shows that sleep quality could be associated with CVD outcomes (12, 13, 17, 18, 20) . Six questions on frequency of the sleep quality factors were included to contribute 10 additional points, with ''never/rarely'' scored as 1 point, ''sometimes'' scored as 0.5 points, and ''mostly'' scored as 0 points. Snoring frequency was scored 5, 2.5, and 0 points, respectively. A total of 20 points could be obtained for the sleep component.
Outcome measures. Protocols for data collection and laboratory analyses, including reagents and assay kits, are described in detail elsewhere (37) . Briefly, we collected duplicate data for blood pressure (BP) at 3 time points during the interview and once for waist circumference (WC). Mean values were used. Twelve-hour fasting blood samples were collected and analyzed for serum dehydroepiandrosterone sulfate (DHEA-S), serum insulin, serum glucose, plasma total cholesterol, plasma HDL and LDL cholesterol, plasma TGs, and glycated hemoglobin (Hb A 1c ). A 12-h morning urine sample was analyzed for cortisol, epinephrine, and norepinephrine.
Outcomes included the cardiometabolic and neuroendocrine markers of MetS and AL, as well as MetS as a dichotomous variable and AL as a composite measure. The definition of MetS was based on the 2005 AHA/National Heart, Lung, and Blood Institute Scientific Statement guidelines (59) , which classified participants with MetS if they had $3 of the following conditions: WC $102 cm in men or $88 cm in women, fasting glucose $5.6 mmol/L or use of glucose-lowering medication, elevated BP (systolic BP $130 or diastolic BP $85 mm Hg) or use of hypertension medication, high TGs ($1.7 mmol/L), and low HDL cholesterol (<1.0 mmol/L in men or <1.3 mmol/L in women).
The composite measure of AL has been defined previously (60) . In summary, 10 biomarkers, including neuroendocrine markers in the hypothalamic-pituitary-adrenal axis and cardiometabolic variables, were included in the score: urinary cortisol, urinary norepinephrine, urinary epinephrine, serum DHEA-S, HDL cholesterol, total cholesterol, systolic BP, diastolic BP, plasma Hb A 1c , and WC. One point was given for each component outside predefined cutoff points. If a component was within normal values but medication for hypertension, diabetes, lipidlowering, or testosterone was used, a point was assigned to reflect artificial regulation of BP, Hb A 1c , total cholesterol, or DHEA-S, respectively. Points were added for a total of 10 as the highest possible AL score. A dichotomous outcome of high AL was defined for those who had $4 dysregulated components (corresponding to the median of the population) vs. low AL for those who had <4 components (61) .
Other covariates. Data were collected on age, sex, educational attainment, household income, and medication use with a sociodemographic questionnaire. A categorical variable for education was created as less than eighth grade, ninth-twelfth grade, and some college or 10 (0-10) $5 servings/d 10 ,2 to ,5 servings/d 0-10 Fruit and vegetable variety 10 (0-10) ,25th percentile 0 25th-75th percentile 5 .75th percentile 10 Percentage of total grains that are whole grains 2 10 (0-10) $50% 10 ,50% 0-10 Total fish intake (excluding fried) 2, 3 10 (0-10) $2 servings/wk 10 0 to ,2 servings/wk 0-10 Fats and cholesterol 20 (0-20) Saturated fat 2 6 (0-6) #3.5% of energy 6 .3.5% to #7% of energy 3-6 .7% to #15% of energy 0-3 .15% of energy 0 trans fat 2 6 (0-6) #0.5% of energy 6 .0.5% to #1% of energy 3-6 .1% to #3% of energy 0-3 10 (0-10) More than upper limit of discretionary energy 0 Upper limit 5 0 g/d to upper limit or less 5-10 Sodium 2 10 (0-10) #1.5 g/d 10 .1.5 to #2.3 g/d 5-10 3 10 (0-10) .0 to #2 drinks/d for men 0-10 Healthy Lifestyle Score and metabolic risk factors 1533 higher. A Psychological Acculturation Scale was administered with 10 questions on cultural preferences and identity (Puerto Ricans or Americans) (51) . The Spanish version of the Perceived Stress Scale (62) was used to assess perceptions of oneÕs life as stressful (63) . Depressive symptomatology was assessed by using the 20-item Center for Epidemiologic Studies-Depression Scale (64), with a higher score indicating higher depressive symptoms. Functional limitation of activities of daily living was measured by 12 items of the Activities of Daily Living Score (ADLS) that assess mobility, self-care, and manual dexterity (65) . BMI was calculated as weight (in kg) divided by height (in m) squared.
Statistical analysis. Of the 974 participants with sleep data collected in the ancillary study, we excluded those with incomplete data on any of the 5 HLS components [diet (n = 42), physical activity and sedentary behavior (n = 5), smoking (n = 2), social support and network (n = 15), sleep (n = 21)] as well as those with incomplete data on the outcomes MetS (n = 15) and AL (n = 87). A total of 787 participants were included in this analysis. Participants with missing AL data were comparable to those with AL data, and we do not expect the few differences to be a major source of bias (60) .
The HLS was used as a continuous measure and was divided into tertile categories. Cortisol, epinephrine, norepinephrine, DHEA-S, TG, plasma glucose, and insulin variables were log-transformed to normalize data distributions.
Differences in baseline characteristics by outcome (MetS and AL) were determined by using t tests for continuous variables and x 2 analyses for categorical variables. Internal consistency of the HLS was assessed by using interitem correlation matrixes. SpearmanÕs r correlations were used to examine associations between individual component scores and the total HLS. Furthermore, adjusted means for each HLS component and item according to tertile distribution of the HLS were obtained by using linear regression models. The regression models were adjusted for age (continuous) and sex and for total energy intake (continuous) for dietary components. P-trend was tested across tertiles of HLS distribution by including the median score for each tertile as a continuous measure in the regression model.
General linear models were used to determine associations between each 20-unit increase in the overall HLS as a continuous exposure and each cardiometabolic and neuroendocrine biomarker as outcomes, adjusting for potential confounders. Models were fitted as follows: model 1 = age, sex, and energy intake; model 2 = model 1 + educational attainment, household income, perceived stress, and psychological acculturation; and model 3 = model 2 + depressive symptomatology, ADLS, medication use (lipid-lowering, diabetes, or hypertension), and BMI. When testing each component of the HLS separately, we further adjusted each model for the other components. For DHEA-S as an outcome, additional adjustment for use of testosterone was made. The model for HDL cholesterol as an outcome was additionally adjusted for LDL cholesterol, and the model for LDL cholesterol as an outcome was additionally adjusted for HDL cholesterol. Results for linear regression models are reported as b-coefficients (bs) and SEs.
Associations between each 20-unit increase of the HLS with MetS as a dichotomous outcome and the categorical variable of AL were tested with multinomial logistic regression models, fitted to estimate ORs and 95% CIs by using models as described above, with the exception of medication use. When analyzing each HLS component individually, associations with MetS and AL were assessed for 5 points of increase to make the results comparable. Sensitivity analyses were conducted to test associations between the HLS and cardiometabolic risk factors without the sleep component in a larger sample size (n = 1226).
Statistical analyses were conducted by using SAS version 9.4 (SAS Institute). A significance level of P < 0.05 was used.
Results
Participants with MetS or high AL were more likely to be older and to have higher BMI and ADLS at baseline than those without these conditions, respectively ( Table 2) . Those with MetS had lower income and less educational attainment, whereas those with high AL were more likely to be men and to have lower acculturation score.
The overall mean 6 SD HLS was 78.3 6 21.3, which was normally distributed (data not shown). Participants with high AL had a significantly lower HLS, as well as lower scores for the components of physical activity, smoking, and social support and network, than those with low AL. For participants with MetS, physical activity as well as social support and network scores were significantly lower than for participants without MetS.
The recommendation for total fat intake was the only subcomponent of the HLS that was followed by more than half of the participants ( Table 3) . Between 30% and 40% of participants obtained the maximal (healthiest) score for drinking alcohol in moderation, social support and network, and sleep quantity and sleep quality (except for having difficulties to remain asleep and feeling totally rested). Very few participants met the maximal points for intakes of whole grains (2.2%), 5 5 (0-5) Total 0-190 1 HLS, Healthy Lifestyle Score. 2 Scores were prorated linearly for values between score ranges. 3 One serving of fruit = 0.5 cup (66 g) of dried fruit, 1 cup (138 g) of fruit, 1 cup (177 mL) of 100% fruit juice. One serving of vegetable = 1 cup (164 g) of nonleafy vegetables, 1 cup (177 mL) of vegetable juice, or 2 cups (220 g) of raw leafy vegetables. One serving of fish = 227 g. One drink of alcohol = 355 mL of regular beer, 148 mL of wine, or 44 mL of spirits. 4 For participants who consume alcohol, the upper limit for added sugars is one-third the discretionary energy. For participants who do not consume alcohol, the upper limit is one-half the discretionary energy. 5 For snoring frequency, the scores were as follows: mostly, 0 points; sometimes, 2.5; never/rarely, 5 points.
saturated fat (0%), sodium (2.7%), and trans fat (3.1%) or for moderate-to-vigorous physical activity (5.0%). SpearmanÕs r correlations between subcomponents of the HLS and the HLS were all significant, except for dietary cholesterol, sodium, and alcohol intake. The strength of the correlation for the 5 lifestyle behaviors of the HLS ranged from 0.31 for sleep to 0.69 for smoking. Furthermore, the adjusted means of all HLS components went in the expected direction across tertiles of the HLS, with significant linear tendencies (P < 0.05) except for alcohol consumption (P = 0.35). Each 20-unit increase in the HLS was inversely associated with urinary cortisol (b 6 SE = 20.218 6 0.107; P = 0.042), epinephrine (20.202 6 0.085; P = 0.017), and norepinephrine (20.264 6 0.107; P = 0.016); WC (20.014 6 0.004; P = 0.003); and serum insulin (20.296 6 0.134; P = 0.028) and positively associated with plasma HDL cholesterol (0.007 6 0.003; P = 0.021) after multivariable adjustment ( Table 4 ). Sensitivity analysis of the association between the HLS without the sleep component and the same components of MetS and AL showed significant associations for the same components listed above, as well as an inverse association with Hb A 1c (20.044 6 0.021; P = 0.036) and serum glucose (20.532 6 0.239; P = 0.021) (Supplemental Table 1 ).
For each 20-unit increase in the HLS, participants had 19% (95% CI: 2%, 33%) and 25% (11%, 36%) lower odds of having MetS and high AL, respectively (Figure 1) . Analyses with 5-unit increases in each individual component of the HLS showed that the variables most strongly associated with odds of high AL were social support and network (OR: 19%; 95% CI: 2%, 33%) and smoking (OR: 7%; 95% CI: 1%, 13%). No significant results were found for the multivariable model or for other separate components. Furthermore, no component of the HLS alone was associated with lower odds of MetS. When we assessed the standardized bs in separate linear regression models to compare the weight provided by each component, we confirmed significant associations for the HLS and both main outcomes, as well as for the social support and smoking components and AL, which were slightly stronger than the other components, and none of the individual lifestyle components and MetS (Supplemental Table 2 ).
Discussion
The HLS was significantly associated with several cardiometabolic and neuroendocrine markers of MetS and AL, and those associations were strengthened by the combination of 5 lifestyle behaviors with established and emerging evidence of CVD prevention, over individual measures, in Puerto Rican adults. By demonstrating the scoreÕs validity, we introduce a novel tool that could be used to assess associations with other health-related outcomes and to provide comprehensive lifestyle advice for cardiometabolic regulation in at-risk populations.
We used the previously developed AHA diet and lifestyle score (45) to create the HLS, but we excluded BMI because we focused on modifiable lifestyle behaviors rather than intermediate physiologic markers. We also redefined the physical activity cutoffs by prorating linearly the ''light to moderate physical activity'' category rather than classifying those participants as ''sedentary'' with a score of zero. Prorating physical activity as well as other components helped to increase sensitivity by allocating points more accurately. In addition, we included hours of watching television as a proxy for sedentary behavior, which has been shown to be a modifiable risk behavior independent from overall physical activity (15) . By including social support and sleep components, we captured additional behaviors with emerging evidence of association with cardiovascular risk factors (13, 21, 41, 58, 66) . We showed adequate internal consistency between each component and the HLS for all individual components except for alcohol intake. Alcohol correlated significantly with the AHA diet and lifestyle score (45); thus, it may be possible that adding other behaviors to the HLS modified the correlation with alcohol here. We did not apply weights to each lifestyle component of the HLS but did assign more points to the dietary component and fewer points to sleep and social support. We rationalized this on the basis of the considerable evidence for the multiple dietary components, whereas the latter components have emerging evidence. Although a future step could be to redevelop the score with applied weights, a recent study found that weighting 4 factors on a lifestyle score had minimal impact (33) . The comparable standardized bs for the components of the HLS that we observed here may suggest that this may be the case as well for this score.
Bhupathiraju et al. (45) found significant associations between the AHA diet and lifestyle score and insulin, WC, and HDL cholesterol. Subsequent analysis of the AHA diet score alone in this population showed similar associations with insulin and WC in women, and with HDL cholesterol in men, as well as novel associations with cortisol and DHEA-S in women and with norepinephrine in men (44) . We replicated the previous associations, albeit not stratified by sex, and notably, these were stronger in this study than in the 2 previous studies, suggesting that the combination of multiple behavioral components of the HLS strengthened the associations with biomarkers. Moreover, the novel finding of a significant inverse association between the HLS and epinephrine suggests a greater extent of allostatic regulation by combined behaviors.
Associations between various diet scores or dietary guidelines and MetS have been reported (67-70). We did not detect an association between the diet component alone and MetS here, likely because of variations in food components and cutoffs used in the diet scores. In this population we previously showed an inverse association between AHA diet score and MetS in men and with AL in women (46) . We did not stratify by sex due to limited statistical power, and it is possible that an interaction by sex may be operating. Similarly, several studies have shown associations between physical activity or sleep and the 2 outcomes evaluated here, but we could not reproduce those results. Discrepancies could be explained by the different 28. constructs used to capture those behaviors or other factors inherent to the study populations, including limited variability in physical activity in this population. The use of standardized components and cutoffs to develop lifestyle scores in future studies may allow for valid comparison between studies. It is also possible that multiplicative rather than additive effects of the behaviors operate toward the outcomes, a premise that should be further explored. The scores for smoking and social support were inversely associated with AL but not with MetS. Previous findings in this cohort showed that social support and network could have a role in mediating the psychological impact of life stressors (41) , which may trigger AL. The positive roles of social ties, strong emotional support, and positive social functioning and integration on lower AL have been shown (22, (24) (25) (26) . A proposed mechanism for this association may be via the brainÕs cognitive-emotional transduction of social constraints into primary physiologic responses (5, 25) . Similarly, smoking has been implicated in the AL model (5) . Addictive sensations, or inflammatory and oxidative responses triggered by smoking, may contribute to dysregulation of the primary biomarkers of AL (71, 72) .
Studies analyzing a combination of healthy lifestyle factors and cardiometabolic risk are scarce, and we found just 1 study conducted in an ethnic minority population (30) . The studies found in the literature included diet, smoking, physical activity, or television viewing, as well as BMI or waist-to-hip ratio in some cases, and they showed significant associations with decreased risk of sudden cardiac death (28) , cardiometabolic conditions (29) , CVD mortality (30), myocardial infarction (31), heart failure (33) , and a metabolically abnormal overweight/ obese phenotype (31) , which is in agreement with our results. In our population, the role of multiple lifestyle behaviors seems to have more impact on allostatic than on metabolic regulation, because more AL biomarkers were significantly associated with the HLS than with MetS. The AL model posits that primary symptomatology, functional limitation in activities of daily living, perceived stress, energy intake, use of medication (lipid-lowering, oral hypoglycemics/insulin, or antihypertensives), and BMI. 3 Additionally adjusted for use of testosterone. 4 Additionally adjusted for LDL cholesterol. 5 Additionally adjusted for HDL choleserol.
FIGURE 1
ORs (95% CIs) of MetS (reference category: no MetS) (A) and AL [high ($4 components) vs. reference category (low)] (B) for each 20-unit increase in HLS and for each 5-unit of increase in overall HLS and each individual component. Values were adjusted for age, sex, energy intake, educational attainment, income, acculturation, perceived stress, depressive symptomatology, activities of daily living score, and BMI. The model for each individual component was further adjusted for the other components of the HLS. 1 Smoking is defined as: never = 30 points, former = 10 points, and current = 0 points. AL, allostatic load; HLS, Healthy Lifestyle Score; MetS, metabolic syndrome.
Healthy Lifestyle Score and metabolic risk factors 1537 neuroendocrine mediators, such as the ones tested here, are first and mostly responsive to stressors such as unhealthy lifestyle behaviors (5) . Secondary cardiometabolic outcomes are dysregulated downstream from the neuroendocrine parameters. Long-term prospective studies could help confirm if this cascade is operating in our population. Together, our observations of poor scores of the HLS in this population and of stronger associations in combined rather than individual behaviors highlight the need for holistic lifestyle behavioral strategies to help improve those behaviors and to prevent dysregulation in Puerto Ricans and similar populations.
One limitation of our analysis is its cross-sectional design, which requires interpreting these findings under the assumption that neither causality nor directionality of the associations can be established. Second, lifestyle behaviors were self-reported, and although the questionnaires were validated for this population (except for the sleeping pattern questions), there could still be some measurement error and misclassification, especially for the multiple dietary subcomponents. In addition, we were not able to capture other exposures that may influence the outcomes, such as secondhand smoke, muscle strengthening, and other foods or nutrients with emerging evidence of association with cardiometabolic outcomes (29, 30, 73) .Third, when agency-based guidelines were not available or differed by issuing agency, we had to use population-based cutoffs or make subjective allocation of points. This may limit comparison between studies. Finally, there is a time lag between the sleep data collected at the 2-y follow-up and the baseline data for all other variables. However, we would expect very minimal changes in sleep behaviors within that period, because the mean scores for the 4 other lifestyle components were nearly identical at baseline and at 2 y (data not shown). Conducting the analysis with 2-y lifestyle data instead of baseline data would not have been as suitable because we would have had reduced statistical power from the smaller sample size of participants with available lifestyle components data at 2 y (n = 617).
One of the strengths of the current analysis is that the BPRHS is a very comprehensive study, and its rich collection of data allowed us to capture multiple lifestyle behaviors, as well as potential confounders. Second, most components and cutoffs used to define the HLS were based on current guidelines and scientific evidence to avoid subjectivity. Future studies may yield new evidence and thus different guidelines than the ones we used, which may require periodic revision to the HLS to reflect evolving recommendations. Notably, our study developed a novel score with a combination of 5 lifestyle behaviors intended to strengthen previous recommendations for metabolic risk factor reduction. Although the study was conducted in Puerto Ricans, the results may be applicable to the general population with proper adaptation.
In conclusion, Puerto Rican adults collectively following a set of healthy lifestyle behaviors, as assessed by the HLS, have lower dysregulation associated with MetS and AL. Our results suggest that holistic behavioral approaches may be more advantageous than single modifications. The HLS may be a useful research and public health instrument in primordial and primary prevention of CVD that could be extended to the general population.
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